Maintenance cost becomes one of the problems that manufacturing company is facing nowadays due to lack of maintenance system. The main objective of this research is to reduce the maintenance cost on auto rooting machine in toy manufacturer by developing a scheduled preventive maintenance. Data of machine breakdowns and costs related to maintenance, components, and the interval time of failure for each machine were collected. To develop a preventive maintenance system, the interval of component replacement must be determined. The minimum cost model is attained by finding the right interval time. The result of this research shows that by implementing proposed maintenance schedule the machine reliability has 45% increase and maintenance cost decreases by 48%.
Introduction
PT X Indonesia, one of the leading toy manufacturer, is a subsidiary of the worlds largest toy manufacturer, located at El Segundo, California. This company produces variety of toys. One of the companys vision is to be a globally competitive manufacturer or premier toy brands. Thus, the company must deliver the high quality products to meet the customers satisfaction.
The research was conducted in one of the machines in full auto rooting area. Full auto rooting machine is used for rooting the yarn becomes the * Korespondensi Penulis hair doll. Based on historical data, auto rooting machine downtime achieved around 50.42 hours or 1.43% from working hours during July 2013 until December 2013. The production loss due to machine breakdown was around IDR 12,000,000.
The machine broke down due to broken components. The failure makes costs increase and one of them is maintenance cost. Currently, no preplan schedule, the machine is only maintained for break fix. Thus, if the machine does not have any failures, the mechanic will not maintain at all. It leads to unpredictability of the mechanic availability. The downtime create pro-duction loss and profit loss. This type of process is called a corrective maintenance. Based on that condition, it is important for the company to develop preventive machine maintenance schedule.
In manufacturing company, maintenance is as important as the other functions such as production activity. As the equipment and machine are employed for production process for a certain period of time, in order to keep them work well, it is needed to perform a regular maintenance. However, maintenance is related to the cost of maintenance. If it is conducted too often, it will lead to the cost increase (Mulyono et al, 2009 ).
According to Dhillon (2002) , maintenance is a function that must be performed under normal or stress environment in order to restore the equipment back to its operational state. Maintenance that is not performed regularly or periodically can give a bad impact into machine or equipment, leads to broken machine or equipment, which will obstruct the production process or even stop the production process. As result, profit will go down due to incapability to fulfill customer demand.
There are two most general kind of maintenance in industry, corrective and preventive one. Corrective maintenance is carried out after a failure exist on the equipment or facility where it cannot function properly (Dhillon, 2002) . Preventive maintenance is one of the system that commonly used by production team and mechanic to avoid machine breakdown. By having a good preventive maintenance system, it can be ascertained that the machines and equipment are in a good condition during the production process. Then, a good machine and equipment will help the workers in doing their job and also produce good quality items. On the other hand, having a good machine and maintenance also can reduce the production cost.
Considering the condition that appear in PT X Indonesia, preventive maintenance becomes really important to be implemented. By having a scheduled preventive maintenance, it can reduce the breakdown while machine is working. Some methods have been used to support the step to develop a preventive maintenance scheduled such as reliability machine, failure distribution, minimum cost that can be achieved, and etc.
Methodology
Data of occurrence numbers of machine and machine downtime were collected from auto rooting from July to December 2013. The components of machine failure were identified to determine the critical components using Pareto chart. The critical components were observed later in this research.
Distribution of failure is a basic information about lifetime of the equipment in a population. It has many varieties in the shape. Thus, the next step is to calculate time to failure (TTF) for each critical component. To identify an appropriate distribution of TTF for each critical component, fitting statistical data distribution will be conducted.
By determining expected time to failure, mean time to failure can be estimated. Mean Time To Failure (MTTF) is one of basic measurement of reliability for non-repairable systems (Stanley, 2011) . It is the mean time expected until the first failure of a piece of equipment. MTTF is a statistical value and is meant to be the mean over a long period of time and a large number of units. The MTTF is needed for each component because the three critical components are simply thrown away and replaced, if they fail (Chisa et al, 2015) . For preventive maintenance, the replacement will be conducted before the expected failure. The minimum cost model of preventive maintenance was attained by finding the right interval time.
It is also desirable to distinguish the performance of curremt system and after the introduction of preventive maintenance. The first step is to develop a schedule for preventive maintenance system. The, comparison between two systems are performed by calculating the maintenance cost.
Result and Discussion
Data of occurrences of machine component breakdowns were collected as shown in Table 1 . From this table, it was known that top frequency of critical component causing machine failures were needle, cutter and looper.
The interval time to failure data are presented as Table 2 . Interval time to failure (TTF) data are obtained from the machine re-operates again after having a maintenance until the machine has the next failure in the same component.
The statistics distribution of TTF and parameter each component is shown as tions, such as log normal, normal and exponential. A normal distribution is chosen for all of failure times of the components. Normal distribution is chosen because it is the common distribution and also has a simple calculation. In addition, Normal distribution is really suitable to be used in modeling fatigue and wear out phenomenon. The parameters are mean (µ) and standard deviation (σ)
Maintenance Cost Analysis
Preventive maintenance involves a basic tradeoff between the costs of performing maintenance activities and the savings achieved by reducing the overall rate of occurrence of machine failures (Savsar, 2013) . The total preventive (Cp) and corrective (Cf)maintenance cost are computed using following Eq.1 and Eq.2 respectively. Cp = component price + (replacement time (hours) x salary o f mechanic per hours) + (production rate (units/hour) x replacement time (hours) x loss production per doll head)
C f = price + (downtime (hours) x salary o f mechanic per hours) + (production rate (units/hour) x downtime (hours) x loss o f production perdollhead) (2) Then, calculation of component replacement interval will be performed. Replacement model that will be used at an interval of time (t) which also consider the probability of the components will have a failure in that interval time of (t) (Ebeling, 1997) . Then, the total expected cost of interval [0,t] probability density function f(t) and cumulative density function F(t) of normal distribution are found using mathematical Eq.3 and Eq.4 respectively,
By knowing F(t), the reliability function R(t) is found using Eq.5 and the cumulative hazard function H(t) can be computed using Eq. 6. Using H(t), the Cost per unit of time is found as follows:
The detail calculation of cost per unit time for needle components is shown in Table 5 . From the calculation of C(t) above, the lowest price will be achieved at time of 66 hours. In 66 hours, needle component costs the IDR 1,067.91 per doll head. Using same calculation, the lowest C(t) for other components are gained. Relation between interval replacement time and the cost per unit of time (C(t)) for each component is shown in Figure 1 ,2, and 3. Table 6 shows a summary maintenance interval of each component including the cost per unit of time.
After getting preventive maintenance interval, the comparison between initial maintenance (corrective) and proposed preventive mainte- 
Conclusion
The objective of this research is to reduce maintenance cost by providing a preventive maintenance schedule. The preventive maintenance schedule is designing for replacing the three critical components causing the auto rooting machine failures.
The three critical components are needle, cutter, and looper which contributes 90% from all of downtime. The calculation of appropriate replacement of each component is performed. Using the interval time, a preventive maintenance has been proposed and reduction of maintenance cost can be achieved. The total reduction is from IDR 25,132,256 to IDR 12,394,108 per year or by 48%.
For the further research, it is suggested to develop the algorithm for integrating the production schedule and preventive maintenance schedule.
